Abstract Novel metallophthalocyanines (M = Zn, Co) carrying four (E)-1-(furan-2-yl)-3-(4-hydroxyphenyl)prop-2-en-1-one (chalcone) at the peripheral positions were sythesized. These complexes have been characterized by a combination of infrared spectroscopy (FT-IR), proton NMR ( 1 H-NMR), high resolution mass spectroscopy (HRMS), and ultraviolet visible (UV-Vis) spectrophotometry techniques. Also, cyclic voltammograms of these phthalocyanines were recorded and zinc phthalocyanine has one and cobalt phthalocyanine has two reduction reactions. Spectroelectrochemical investigation shows the ring-based reduction of MPcs. Pc-7 cobalt(II) phthalocyanine was investigated as a catalyst in the catalytic oxidation of 2-mercaptoethanol. Turnover number, initial reaction rate, and the oxygen consumption were found in the catalytic oxidation of 2-mercaptoethanol as 16.6, 0.29, 2.52, respectively.
INTRODUCTION
Dyes and catalysts (1) (2) (3) (4) , organic photovoltaic devices (5-10), photodynamic therapy (11) (12) (13) (14) , and electrochemical applications (15) (16) (17) (18) are phthalocyanines' widespread applications stemmed from peripheral functionalization of them. New properties of phthalocyanines arise from their conjugated macrocyclic units. The phthalocyanines should be soluble in water or in organic solvents in order to be used in these applications. Solubility could be improved by deriving on the peripheral or non-peripheral position of the phthalocyanines via substitution with large groups and by changing the metal on the core of the phthalocyanines (19) (20) (21) (22) (23) .
Chalcones have the following characteristics: Anticancer, anti-inflammatory, antioxidant, cytotoxic, antimicrobial, analgesic and antipyretic (24, 25) . In recent years, chalcones are investigated as sensors and biological activities. The substituents on the periphery of phthalocyanines effect the physical and chemical properties. In this paper, the chalcone group with furan is directly attached to the phthalonitrile and then newly designed phthalocyanines were obtained (24) (25) (26) (27) (28) (29) (30) . Chalcone group is electron-rich and has a high absorption property. It is estimated that the electron flow is realized from the chalcone groups located in the peripheral structure towards the phthalociyanine ring. Therefore, this gives usability to these molecules when they are used in dye sensitized solar cells as sensitizer. In addition, it is thought that electron-rich structure of chalcones positively contribute to the catalytic effect of phthalocyanine.
Mercaptans are thiol compounds and have environmental pollutant properties. The removal of mercaptans is not only important in terms of preventing environmental pollution. In addition, the mercaptan eliminates the effects of catalysts added to petroleum products such as petroleum and diesel to improve performance. So the mercaptan oxidation process is used to remove the thiols. Mercaptan oxidation occurs by means of oxygen in the air through catalysts.
Both homogeneous and heterogeneous catalysts have been used for the oxidation of thiols (37) (38) (39) (40) .
In this study, novel MPcs having four chalcone moiety on their peripheral positions were synthesized and characterized by 1 H-NMR, 13 C-NMR, FTIR, MALDI-TOF, and UV/Vis spectra.
These phthalocyanines have potential for applications as a multifunctional material in future studies.
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EXPERIMENTAL
General
All experimental runs of this work were carried out with a pre-dried glass substrate heated at 150 °C for 1 hour and then cooled under an inert nitrogen atmosphere. Then the reaction solvents are distilled from the specified drying agents: 2-Dimethylaminoethanol, DMAE, N,NDimethylformamide, DMF (CaH2). All fine chemicals were purchased from commercial suppliers and used without further purification. Melting points of the synthesized molecules were obtained on a Barnstead Electrothermal 9200 model melting point apparatus.
The thick-walled glass columns were used for flash column chromatography with flash grade silica (Merck Silica Gel 60). The reaction monitoring was achieved by thin layer chromatography (TLC) using pre-coated silica gel plates (Merck Silica Gel PF-254), visualized under UV-light and polymolybdenum phosphoric acid in ethanol as appropriate. All extracts obtained were dried over anhydrous magnesium sulfate and solvents was evaporated under vacuum by using a rotary evaporator.
Spectroscopy
The NMR spectra, 
Catalytic oxidation of 2-mercaptoethanol
A CyberScan DO 300 model dissolved oxygen meter was used to achieve catalytic oxidation of 2-mercaptoethanol. 0.152 micromole (μmoL) Co(II) phthalocyanine (Co(II)Pc) (Pc-7) was dissolved in 50 mL of THF. The reaction vessel was bubbled with air in order to obtain oxygen saturation in the solution. 7,3 μL (1.52 millimole (mmol)) 2-mercaptoethanol was added. The molar ratio 2-mercaptoethanol as substrate to Co(II)phthalocyanine as catalyst was 10000:1.
Then 1 mL of 0.25 wt% aqueous sodium hydroxide solution was added to the reaction vessel.
The recording of the oxygen in the reaction mixture was started at the same time. Then timedependent oxygen consumption was calculated. The catalytic activity of Co(II) phthalocyanine Pc-7 is characterized by turnover number TON (conversion of mol oxygen per mol phthalocyanine), initial reaction rate (μmol oxygen consumption per second) and the oxygen consumption (μmol/min) (31) (32) (33) . 
Synthesis
Synthesis of (E)-1-(furan-2-yl)-3-(4-hydroxyphenyl
RESULTS AND DISCUSSION
Synthesis
The literature about phthalocyanine shows us that in order to enhance solubility and to prevent aggregation in organic media or water, bulky substituents could be used as peripheral or nonperipheral substituents of phthalocyanines. Furthermore, changing the metal in the phthalocyanine center affects the solubility of the phthalocyanines (1, 26) . We used chalcone 3 in this research as a bulky substituent synthesized from 4-hydroxybenzaldehyde and 2-acetylfuran in the mixture of ethanol and water by using KOH as the harsh alkaline media. The reaction has given 21.9% yield. Then the novel chalcone-derived phthalonitrile 5 was obtained from the nucleophilic aromatic substitution (SNAr) type substitution reaction between chalcone 3 and 4-nitrophthalonitrile 4, after the column chromatographic isolation chemical yield was calculated as 39.7% (Scheme 1). Moreover, chalcone-derived phthalocyanines are newly discovered for synthesis and application. Chalcones have metal sensing potential along with biological activity. So, deriving metallo Pcs with chalcones will give solubility and these phthalocyanines will be mentioned in the new researches about biologic activity of Pcs and characteristics for sensing (25) (26) (27) (28) (29) (30) .
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The molecular structures of 3 and 5 are described on the basis of C NMR, and MALDI-TOF techniques.
Scheme 2. Synthesis of target phthalocyanines Pc-6 and Pc-7 Structure Elucidation
The FT-IR spectrum of all synthesized species clearly shows that the products desired in all steps are obtained as intended.
The C=O carbonyl bonds stretching vibrations can be attributed to the bands appearing at 1661 cm -1 for compound 5. After the cyclotetramerization of phthalonitrile 5, this band shifts to 1713 cm -1 for both Pc-6 and Pc-7. The band observed at 1605 cm -1 for compund 5 was assigned to C=C bonds stretching vibration. After the synthesis of phthalocyanines this band shifts to 1657 cm -1 for both Pc-6 and Pc-7. The FT-IR spectra of 5 gives us the specific information on the synthesis of chalcone-derived phthalonitrile shows the disappearance of the characteristic broad band at 3193 cm -1 which can be referred to hydroxyl on the chalcone 3.
Additionally, the strong characteristic single band at 2227 cm -1 can be referred to as the CN vibration which was observed clearly. . Because of having aromatic structures for 3 and 5, the NMR spectra of 3 and 5
have peaks in between 6-8 ppm, similar to starting phthalonitriles. The mass spectra of phthalocyanines Pc-6 and Pc-7 were also acquired. 
UV-Vis absorption spectra
The UV-Visible spectra of Pc-6 and Pc-7 are recorded in a mixture of DMSO: water (1: 4 ratio, v:v) in DMSO and a wide range of 10 -6 M and 10 -5 M. The electronic absorption spectrum in between 300 nm and 750 nm for both solvent systems can be seen in Figures 2 and 3, respectively. All of the absorption spectra show about 330 nm typical Soret band for Pc-6 and Pc-7. Figures 2 and 3 show typical non-aggregated phthalocyanines. Figure 2a shows that Pc-6 has a strong Q band at 678 nm in DMSO, having a shoulder at 641 nm with a vibronic band at 611 nm and also a Soret band peaking at 334 nm. Figure 2b, on the other hand, shows that Pc-6 has a strong Q band at 684 nm in the mixture of DMSO:water (1:4, v:v) with a vibronic band at 637 nm and also a Soret band peaking at 335 nm. Figure 3a shows Pc-7 gives a weaker but clear Q band at 668 nm, having a shoulder at 617 nm and a Soret band at 332 nm. 
Spectroelectrochemistry
Optically transparent thin-layer electrode cell kit was used cell in order to determine the nature of the redox processes in spectroelectrochemical studies. with a slight decrease in absorption of whole range and there is no isosbestic point and shift of Q band. It is well known that an isosbestic point occurs when the spectrum collected is overlaid, and it indicates that there is a change from one state to another. The absence of isosbestic point would be interpreted in two ways; the decomposition of the molecule or there is not a change in the structure of the molecule. Decomposition is eliminated because the reduction process is renewable (Fig 4) . So the molecule is not decomposing and not undergoing a structural change. 
Catalytic oxidation of 2-mercaptoethanol
The catalytic activity of Co(II) phthalocyanines on the oxidation of 2-mercaptoethanol is well known application (36) (37) (38) (39) (40) . Pc-7 is well soluble and non-aggregated as seen in the sections above. RS -ion generated by NaOH and O2 coordinate to two axial sides of the central Co(II) in Pc-7. Then the electron transfer from the thiolate to oxygen via central Co(II) occurs and disulfide forms. The reaction between 2-mercaptoethanol and oxygen can be seen in equation
(1).
The catalytic ratio of 2-mercaptoethanol and phthalocyanine (thiol/catalyst=10000). This reaction needs a basic media. When a small amount of NaOH solution was added to the reaction mixture, the thiol (RSH) will immediately produce thiolate (RS -). Then the Co(II)Pc will start to catalyze the oxidation of 2-mercaptoethanol by oxygen. TON (mol oxygen per mol phthalocyanine), initial reaction rate (μmol/sec) and the oxygen consumption (μmol/min) was calculated as 16.6, 0.29, and 2.52 respectively and oxygen consumption over time is seen on Figure 7 . 
CONCLUSION
In conclusion, novel Zn(II) and Co(II) phthalocyanines which are substituted with chalcone bearing furyl moiety have been synthesized and characterized. In our synthetic route, in the presence of KOH as catalyst the chalcone group that is carrying one hydroxyl was synthesized first in the mixture of ethanol and water. Then 4-nitrophthalonitrile was derived with synthesized chalcone group via SNAr type substitution reaction. Widespread Pc synthetic approach was used for the direct synthesis of both Pc-6 and Pc-7 phthalocyanines. The synthesized chalcone in this study is newly designed and synthesized by our group. The structures of all compounds synthesized have been fully characterized by using FT-IR, 1 H NMR, 13 C NMR, MALDI-TOF MS, and UV-Vis spectroscopic techniques. Electronic absorption spectra showed that both Pcs are nonaggregated and also well soluble in DMSO and in the mixture of DMSO : water (1 : 4 ratio). Pc-7 is also well soluble in DMF. Cyclic voltammograms give one reduction for Pc-6 and two reduction for Pc-7. The spectroelectrochemical investigation shows the ring based reduction potential for MPc's. Pc-7 cobalt(II) phthalocyanine was investigated as a catalyst in the catalytic oxidation of 2-mercaptoethanol. The catalytic oxidation of 2-mercaptoethanol is a widely studied reaction for the detection of catalytic activity. Turnover number, initial reaction rate and the oxygen consumption was found in the catalytic oxidation of 2-mercaptoethanol as 16.6, 0.29, 2.52, respectively.
